Introduction: Recent studies have pointing creatine supplementation as a promising therapeutic alternative in several diseases, especially myopathies and neurodegenerative disorder. Objective: elucidate the role of creatine supplementation on deleterious effect caused by limb immobilization in humans and rats. Methods: Analyzed articles were searched by three online databases, PubMed, SportDicus e Scielo. After a review and analysis, the studies were included in this review articles on effect of creatine supplementation on skeletal muscle in humans and rat, before, during and after a period of limb immobilization. Results: Studies analyzed demonstrated positive points in use of creatine supplementation as a therapeutic tool to mitigating the deleterious effects of limb immobilization, in humans and rat. Conclusion: The dataset of this literature review allows us to conclude that creatine supplementation may reduce muscle loss and/or assist in the recovery of muscle atrophy caused by immobilization and disuse in rats and humans. Also, we note that further research with better methodological rigor is needed to clarify the mechanisms by which creatine support the recovery of muscle atrophy. Moreover, these effects are positive and promising in the field of muscle rehabilitation, especially after member's immobilization.
Introduction
The reduction of muscular cross-sectional area is one of major deleterious effects caused by disuse, aging, limb immobilization or spinal cord injury, commonly known as muscle atrophy. Muscle atrophy is related with physiological and metabolically changes, such as, decreased sensor motor excitability, contractile ability of muscle fibers, protein degradation and depletion of energy stores, in which may promote weakness, reduced functional capacity and hindering the activities of daily living (1 -3) .
Immobilization is an effective therapeutic resource and widely used for facilitating the healing of damaged tissue, giving them the potential to repair without outside interference. However, this strategy may cause decreased neural plasticity, displaying an abnormality in the path of the electrical stimulus, which impairs directly in the recruitment of muscle fibers. Added to this, the reduction of these stimuli may result in exaggerated amount of calcium in the sarcoplasmic reticulum, leading consequently to modify the feedback mechanism that determines the changes in the motor cortex reception (4 -7) . In view of this scenario, the use of creatine supplementation is a strategy that has been adopted to alleviate muscle disorders (8 -11) .
Creatine is a compound naturally present in meat and fish, normally obtained through diet and / or synthesized by the body using the amino acids arginine, glycine and methionine (12, 13) . On an omnivore diet, usually 1g of creatine ids ingested per day, half the daily requirement. The other half comes from endogenous synthesis of this compound, in the liver, kidneys and pancreas (12, 14, 15) . Creatine is mainly stored in skeletal muscle (95%) and phosphorylated in the free form and also in brain and testis (16) . Due to its possible effects on physical performance, creatine has become a popular substance among amateur athletes, professional and Olympic. Since Harris et al. (17) showed that creatine supplementation increases intramuscular concentration of this compound numerous works has studied creatine supplementation in sports due to its possible effects on physical performance (17 -19) .
In recent years, this compound has received considerable attention in the medical field, especially for introducing therapeutic effects of myopathies and neurodegenerative diseases caused by various diseases (8, 20 -23) . Recent studies show that creatine supplementation can increase strength and fat-free mass in patients with muscular dystrophy different causes (20, 21) . Furthermore, these authors suggest that several mechanisms may contribute to the creatine beneficial effects, such as increased energy potential of cells and preserve muscle glycogen, act as antioxidant, reducing muscle calcium levels and reduce apoptosis. In 2004, Tarnopolsky found that creatine supplementation improves strength and body composition in patients with Duchenne's muscular dystrophy (24) . Few years later, in 2007, in a meta-analysis with 12 trials and 266 participants (22) and in 2013, the same authors have made an update of the review and concluded that creatine supplementation can increase strength and muscle mass in patients with muscular dystrophy (22) . Based on these results, the authors have sought to understand the potential therapeutic role of creatine on muscle atrophy caused by immobilization (3, 12, 25 -29) . Thus, we emphasize the importance of systematic search in order to remedy the lack of discussion and consensus on the issue and address the possible mechanisms that creatine participates in mitigating the loss of muscle mass. Therefore, the aim of this study was, through a systematic review; analyze the role of creatine supplementation on loss of muscle mass caused by immobilizing members.
Methods
This study is a systematic literature review. Among the articles reviewed were prioritized the most important studies of the last 22 years (1992 -2014), since Harris et al. (17) have shown that creatine supplementation increases intramuscular concentration of this compound. Studies were identified "on line" through the databases PubMed, SportDicus and Scielo. Portuguese and English publications were analyzed using the keywords "Hindlimb" OR "Hypokinesia" OR "Immobilization" AND "Oral Creatine Supplementation". Articles cited in other studies were identified and included in this study, when met the inclusion criteria. We selected only those studies which compared the effects of creatine supplementation on skeletal muscle involving humans and rodents, before, during and / or after a period of disuse and immobilization. Studies that treat muscle dysfunction nate or innate were excluded. Figure 1 outlines the refinement and selection of articles studied. We used the PEDro table (Physiotherapy Evidence Database) (http://www.pedro.org.au/portuguese) to evaluate the level of evidence and objectivity of studies in humans. The scoring system has been adjusted to better match the theme of the work, since the design of the studies has particular characteristics compared to physiotherapy studies, the main purpose of PEDro table. The adapted system has score 0-8 points. Studies containing less than 5 points were excluded from analysis. The quality criteria were used to guide users to quickly identify the studies and their relevance (Table 1) . 
Results
For selection and characterization, 15 studies were evaluated for the inclusion criteria, of which 6 were selected ( Figure 1) . Table 2 shows the characteristics of the six studies included in this review. The most relevant points of each study were highlighted, such as, random of the groups, control supplementation (double-blind, placebo-controlled), similarity of groups at baseline determination of intramuscular creatine, other controls (criteria for non-use provided creatine), time of immobilization (if the detention was able to generate losses in the control group) and total points.
Among the studies included in the review, two were conducted with rodents and other four with humans. The earliest study was 2001, so nine years after the publication of Harris et al. (17) . The analyzed data points favorable to the therapeutic use of creatine as a new approach on loss of muscle mass caused by immobilizing members. Cr maintained GLUT4 during immobilization and increased in rehabilitation training.
Oral creatine supplementation attenuates muscle loss caused by limb immobilization
Discussion
The main findings of this systematic review were: 1) creatine supplementation is able to mitigate the loss and / or assist in the recovery of muscle atrophy caused by immobilization and disuse in mice and humans; 2) start supplementation immediately with immobilization and / or the rehabilitation process are the main ways to achieve positive results; 3) numerous mechanisms have been linked to these beneficial effects, however, the exact mechanism by which creatine supplementation alleviates muscle atrophy caused by immobilization is still unknown.
In recent years creatine has received considerable attention in the medical field, especially for introducing therapeutic effects of myopathies and neurodegenerative diseases caused by various diseases. Two recent reviews (22, 30) discuss the potential beneficial effect of creatine supplementation in several diseases, besides the aforementioned, including: cancer, diabetes, depression, osteoarthritis, dyslipidemia, among others. These authors conclude that creatine is a promising nutritional compound in the medical field. From the 6 studies included in this review, two animals used as experimental model. Aoki et al. (25) demonstrated that 14 days of creatine supplementation (5g / kg of creatine added to the diet for 7 days before and 7 days during immobilization) had reduced the mass loss of soleus and gastrocnemius muscle after 7 days of immobilization of hind paws. These authors have also shown that creatine alleviates change in the pattern of muscle fibers caused by immobilization. These changes are associated with increased concentrations of creatine intramuscularly, approximately 25%.Similar results were found by Cancelliero and Silva (13, 31) concluded that creatine supplementation (7 days 1.6g . kg-1
. d-1, available in drinking water) minimized the loss of mass of the soleus muscle and retained glycogen content after 7 days of immobilized hind paw. These results suggest that creatine supplementation may minimize changes in energy metabolism triggered by immobilization, a fact that possibly favors faster recovery after immobilization.
Noting the applicability of this strategy, human studies confirm the therapeutic potential of creatine supplementation on muscle mass loss induced by immobilizing members. The study Hespel et al. (3) was a pioneer in testing this potential. Healthy young volunteers had immobilized the right leg for 2 weeks, followed by a 10 weeks rehabilitation program, divided into groups supplemented with creatine (20 to 5g / day) and placebo substance. The immobilization period caused a decrease in cross-sectional area (10%) of the quadriceps similar between groups. In contrast, the rehabilitation program provided more efficient results when combined with creatine supplementation. The authors demonstrated an increase in MRF4 protein concentration of only creatine group, in addition to narrow correlation with the increase in muscle fiber size. Studies with rats have shown that such factors are involved in the catabolic process and muscle anabolism (3, 26, 32, 33) . Similar results were found in two studies conducted by the group of Eijinde et al. (27, 28) . In a study published in 2001 (27) these authors have shown that creatine supplementation prevents the reduction and increase (~40%) the protein content of GLUT4 (glucose transporter protein in cells) after 15 days of immobilization and for 10 weeks recovery, respectively. These authors also found an increase in muscle glycogen concentration during the rehabilitation period for the creatine group compared to placebo. Some years later, the same group of authors (28) demonstrated that supplementation with creatine does not modulate the action of AMPK (the enzyme which plays an important role in energy homeostasis of the cells), and that this mechanism does not explain the benefits attributed to AMPK in the immobilization. Johnston et al. (29) as the only one to analyze the immobilization of the upper limbs; and demonstrated that 7 days of creatine supplementation (4 x 5 g / day) attenuated weight loss and reduction in muscle strength after 7 days of immobilization. These authors concluded that creatine supplementation can be used to accelerate the rehabilitation process of muscle atrophy caused by immobilization due to any accident or disease.
Despite all the studies presented in this review suggest positive aspects of creatine supplementation, the exact mechanism by which this compound alleviates / reverses muscle atrophy caused by immobilization is still unknown. Perhaps the most latent mechanism shown by this set of studies is the ability of guanidine compounds (such as creatine) to modulate glucose uptake and energy metabolism (34 -37) . Increased protein content of GLUT4 and conservation / increase in muscle glycogen content are indicated by some studies as the main mechanisms related to prevention of muscle mass, given creatine supplementation (13, 31) . The number and capacity of translocation of GLUT4 protein is an important determinant of glucose transport through the cell plasma, so it's increased influence directly the concentration of muscle glycogen. Eijinde et al. (27) demonstrated that increased muscle creatine is able to improve GLUT4 content, regardless of training. After period of disuse, the placebo group showed a 20% decreased in GLUT4. Thus, the increase in the content of GLUT4 could reflect improvement in insulin sensitivity and cell anabolism pathway activation (27, 38) . Another proposed mechanism discussed for increasing muscle mass is the concentration of intracellular water, responsible to enhance the cell hydration state. This effect may be related to increase protein synthesis, besides increases the expression of myogenic transcription factors (26, 28, 39, 40) . However, the mechanisms by which creatine exerts beneficial effects in the immobilization are poorly understood. Although the number of studies included in this review added to the methodological weakness of some studies unable us to perform a statistical analysis in order to increase the level of evidence on the effectiveness of creatine supplementation, and also highlight the exact mechanism by which creatine supplementation alleviates muscle atrophy caused by immobilization.
Conclusion
In conclusion, the review allows us to conclude that creatine supplementation minimize the loss of muscle mass and / or assist in the recovery of muscle atrophy caused by immobilization and disuse in rats and humans. Moreover, we note that further research with better methodological rigor is needed to clarify the mechanisms by which creatine promotes the recovery of muscle atrophy. These effects are positive and promising in the field of muscle rehabilitation, especially after immobilizing members.
